The effects of pentobarbital on the contractile responses of isolated feline middle cerebral arteries have been examined. In the presence of pen tobarbital (3 x 1O-4M), the maximum contractions effected by potassium, nor adrenaline, and prostaglandin F2a were reduced by 37 ± 3, 69 ± 3, and 10 ± 6%, respectively. The results caution against the use of pentobarbital as an anaesthetic agent in investigations of cerebrovascular reactivity.
Barbiturates have long been recognised to have potent effects on arteries and veins in peripheral vascular beds (Greisheimer, 1965) . The presence of various barbiturates, at concentrations that induce anaesthesia, markedly attenuates the contractile re sponses of vascular smooth muscle to potassium and other vasoactive agents (Price and Price, 1962; Altura and Altura, 1975) . In contrast to peripheral vascular smooth muscle, the effects of barbiturates on the responsiveness of cerebral blood vessels has been investigated only minimally, although numer ous investigations of cerebral circulatory responses in rats, cats, and primates are still performed under barbiturate anaesthesia (for recent examples, see McCalden et aI., 1979; Altura et aI., 1980; Wei et aI., 1980) . In the present study, the effects of pentobar bital on the contractile responses of isolated feline cerebral arteries to potassium, noradrenaline, and prostaglandin F2a have been examined.
METHODS
Middle cerebral arteries were removed from 4 cats of either sex (weighing 2-3 kg) and prepared for isometric recording of contractions as described in detail previously (Edvinsson and Owman, 1974) .
The vessels were mounted immediately between two L-shaped metal prongs in 5-ml organ baths containing a Krebs-Ringer solution of the following composition (mM): NaCl, 119; NaHC03, 20; KCI, 4.6; CaCI2, 1.5; NaH2P04, 1.2; MgCI2, 1.2; glu cose, 11. The buffer and stock solutions were con tinuously aerated with 5% CO2 in O2 to maintain pH at 7.4. The contractile responses were measured with Grass FT 03 transducers connected to a Grass polygraph. An initial tension of 4 mN was applied during the initial accommodation period of 11;2 h. Subsequently, to test reactivity the vessels were first contracted by use of a potassium-rich buffer solution wherein the NaCI had been replaced by KCI to give a 120 mM concentration of potassium. The high-potassium buffer was then replaced by the normal Krebs-Ringer, and cumulative dose re sponses to either noradrenaline (Sigma) or prosta glandin F2 a (Amoglandin, Astra) or repeated re sponses to potassium (120 mM) were then per formed. Pentobarbital (ACO, Sweden) was then added to the organ bath and the contractile re sponses to the vasoactive agents re-examined 10 min later in the presence of pentobarbital. All drugs were dissolved in o.m NaCI containing 0.2% ascor-bic acid, and concentrations are expressed as the final molar concentration in the organ baths. A total of 16 middle cerebral artery segments were employed in these investigations. Data are pre sented as the mean response ± SE of between 4 and 6 vessels examined.
RESULTS
The contractile response of middle cerebral ar teries following the addition of 120 mM potassium was reduced by 37 ± 3% when pentobarbital (0.3 mM) was present during the test (Fig. lA) . With
greater concentrations of pentobarbital (1 mM), the contractile response to potassium was further at tenuated, and the vessels failed to maintain the contraction (Fig. lA) . The addition of pentobarbital (1 mM) to the organ bath during a maximal contrac tion to 120 mM potassium resulted in almost imme diate relaxation of the vessels to resting levels.
Noradrenaline and prostaglandin F21l effected concentration-dependent contractions of middle ce rebral arteries that were markedly attenuated by the presence of pentobarbital (0.1-1 mM) in the organ bath. The maximum contractions induced by nor adrenaline and prostaglandin F21l were reduced by 69 ± 3 and 10 ± 6%, respectively, in the presence of 0.3 mM pentobarbital (Fig. lB, C) and by 95 ± 1 and 77 ± 9%, respectively, in the presence of 1 mM pentobarbital. The effects of pentobarbital on the contractile responses were reversible, since the ini tial responses to noradrenaline and prostaglandin F2<> returned after repeated rinsing for 1 h in the ab sence of pentobarbital.
DISCUSSION
The present study provides clear evidence that the contractile responses of cerebral arteries to potassium, noradrenaline, and prostaglandin F2<> may be markedly and differentially attenuated by pentobarbital and that these effects are readily de monstrable at concentrations of the barbiturate that are present in the central nervous system during surgical anaesthesia or anticonvulsive therapy (Lar rabee and Posternak, 1952; Brodie et aI., 1953 ; Crane et aI., 1978) . For example, in the rat, con centrations of 0.3 mM pentobarbital are observed in cerebral tissue following intraperitoneal adminis tration of 60 mg/kg of the barbiturate (Crane et aI., 1978) . The pattern of the response of cerebral ar teries to pentobarbital, its rapidity of onset, and its reversibility complement the detailed descriptions (Altura and Altura, 1975) of the actions of barbitu rate on vascular smooth muscle from peripheral cir culations. The precise mechanism of action of pen tobarbital on cerebral and peripheral vascular smooth muscle remains unclear. Although barbitu rates display a number of nonspecific effects on ar tificial and biological membranes (Seeman, 1972) , there is some evidence to suggest that it is their actions on the calcium ions necessary for the excitation-contraction coupling that is responsible for their actions on vascular smooth muscle (Altura and Altura, 1975) . Pentobarbital has been shown to alter the uptake and distribution of calcium in car diac muscle cells (Naylor and Szeto, 1972) . The potassium-induced contractions of both peripheral and cerebral vascular smooth muscle are highly de pendent on extra-cellular calcium ions (Van Breemen et aI., 1973 ; Edvinsson et aI., 1980) . Fur thermore, barbiturates may inhibit the spontaneous mechanical activity of rat portal veins, which is considered to be highly dependent on an intact in flux of extracellular calcium ions (Biamino and Johansson, 1970) . Other vasoactive agents such as noradrenaline and prostaglandin F2(X utilize not only extracellular calcium in their contractile effects, but also intracellular calcium stores. As the contrac tions of cerebro-vascular smooth muscle in re sponse to these two agents was markedly at tenuated by pentobarbital, the possibility exists that pentobarbital may also interfere with the mobility of these intracellular calcium ion stores, particularly since barbiturates are known to penetrate both membranes and cells rapidly (Seeman, 1972) .
Previous investigations of the cerebral circulatory effects of barbiturates have been concerned almost exclusively with alterations in cerebral tissue per fusion occurring indirectly in response to barbi turate-induced reductions in cerebral metabolic activity (see Siesjo, 1978) . The present studies on the direct action of pentobarbital on cerebrovas cular reactivity not only provide a possible expla nation for some hitherto unexplained phenomena in cerebral circulatory research (such as the attenua tion by barbiturates of the response of cerebral blood flow to induced hypercapnia) (Fujishima et aI., 1971) but also caution against the widespread use of pentobarbital anaesthesia in in vivo inves tigations of cerebro-vascular reactivity.
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